Ralstonia solanacearum is a worldwide and devastating plant pathogen infesting over 200 host species. Synthetic bactericides against the pathogen have only achieved limited success and always cause both crop contamination and environmental pollution. However, natural bactericides are effective for protecting cultivated crops from destruction by disease, without the adverse effects of chemical bactericides. In this paper, fifteen phenolic constituents from dragon's blood were screened for their antimicrobial activity against Ralstonia solanacearum, and all exhibited inhibitory activity. These compounds are potential leading compounds for the development of bactericides against wilt diseases caused by Ralstonia solanacearum.
Ralstonia solanacearum is a devastating, soil-borne plant pathogen with worldwide distribution that affects over 200 host species [1, 2] . It is well adapted to life in soil in the absence of host plants, causing the most destructive wilt diseases of economically important crops such as potatoes, tomatoes, peanuts, tobacco, bananas and plantains.
Up to now, no effective method has been developed for the control of this wilt disease. Plant breeding, soil fumigation, crop rotation, and use of synthetic bactericides have only achieved limited success. Moreover, synthetic bactericides always cause both crop contamination and environmental pollution.
Biological control of R. solanacearum has been achieved in recent years using antagonistic strains. Rhizosphere and endophytic bacteria were used successfully for the suppression of eggplant wilt caused by R. solanacearum [3] . Bacillus amyloliquefaciens strains were isolated from rhizosphere soil of tomato and used either separately or together to fortify organic fertilizers to control bacterial wilt of tomato, both in the greenhouse and in the field [4] . However, it is difficult to colonize for the antagonistic strains in the field, as they are affected by temperature, humidity, radiation and soil microorganisms. Therefore, the suppressive efficacy of antagonistic strains in the field is not constant.
Plants have been synthesizing chemicals for millions of years to protect them from predation by insects and infection from disease. These natural pesticides are effective for protecting cultivated crops from destruction by pests and disease, without the adverse effects of chemical pesticides like DDT. For example, several plant essential oils, including jojoba (Simmondsia californica) oil (e.g., E-RaseTM), rosemary (Rosemarinus officianalis) oil (SporanTM), and thyme (T. vulgaris) oil (PromaxTM), are marketed as fungicides for organic farmers. In addition, extract of the giant knotweed (Reynourtria sachalinensis) (MilsanaTM) is used in Europe for the control of a wide spectrum of both fungal and bacterial plant diseases in both organic and non-organic agriculture [ the stem of the plant is either cut or bitten by insects [6] . In China, Dracaena cochinchinensis and D. cambodiana have been reported as plant sources of dragon's blood [7] , and the constituents of these two plants have been recorded as flavonoids and steroidal saponins [8] [9] [10] [11] [12] [13] [14] [15] . Although a number of studies on the chemical constituents and biological activities of the genus Dracaena have been reported, the inhibitory activity of the chemical constituents against Ralstonia solanacearum has not been investigated. During our early screening of activity, the ethanol extract of dragon's blood showed moderate inhibitory activity against R. solanacearum. In order to screen inhibitors against R. solanacearum, we assayed 15 known compounds previously isolated by column chromatography. The compounds were 5,4'-dihydroxy-7-methyoxy-6,8-dimethylflavane (1), (2R)-7,4′-dihydroxy-8-methoxylflavane (6), (2S)-4',7-dihydroxyflavane (7), 7,4′-dihydroxy-8-methoxyhomoisoflavane (8), 7,4'dihydroxyhomoisoflavane (9) , cambodianol (10), pterostilbene (11), 3,4-dihydroxyallylbenzene (12) , cambodianin D (13), cinnabarone (14) and cambodianin C (15) (Figure 1 ). In this paper, we described their inhibitory activities against R. solanacearum. Compds: 1.6 µL of a solution with 0.02 mg/µL of each compound in MeOH was impregnated onto filter paper discs of 6 mm size; Activities: the strains were cultured using Nutrient Agar (NA). A solution of carbendazim (1.6 µL of a 0.02 mg/µL solution in water) was used as a positive control.
The results are reported in Table 1 . Among the flavanes, all except compound 1 have a hydroxyl group at C-7, and compound 1 had the lowest activity, suggesting that the hydroxyl group at C-7 is important for the antimicrobial activity. Compounds 8 and 9 are both homoisoflavanes, but 9 has higher activity, indicating that the methoxy group at C-8 attenuates the activity. Compound 5, with a methyl group at C-8, has higher antibacterial activity than 6, and compound 4, also with a methyl group at C-8, had higher antibacterial activity than 7, implying that the methyl group at C-8 enhances the antimicrobial activity of the compounds. Compounds 2~5 and 7 were also isolated from the stem of D. cambodiana and exhibit antimicrobial activity against Staphylococcus aureus [17] .
Generally, synthetic bactericides are applied for the control of diseases of crops, as these are effective and economic. However, indiscriminate use has led to the resistance of diseases, contamination of food, and disruption of the ecosystem. Natural products are an alternative to the use of these synthetic pesticides. Flavonoids from dragon's blood are nontoxic and biodegradable. Although they have a wide known range of biological properties, including anti-oxidant [18] , anti-tumor and anti-bacterial activities [13] [14] [15] , it is the first time that their inhibitory activity against R. solanacearum has been reported. Therefore, the flavonoids above are potential leading compounds for the development of environmentally friendly bactericides against wilt diseases.
Experimental
General: R. solanacearum was obtained from Yunnan University, China. The compounds were tested for in vitro antibacterial activity against R. solanacearum by the filter paper disk agar diffusion method [16] . Compounds and control (carbendazim) were impregnated on sterile filter paper discs of 6 mm size, and then, aseptically applied to the surface of the agar plates. The plates were incubated at room temperature for 24 h. Then the diameters of the observed zones of inhibition surrounding each disc, including the 6 mm disc diameter, were measured and the activities are expressed as the diameter of the inhibition zone in mm. Experiments were undertaken in triplicate and the data were handled by OriginLab.
